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INTRODUCTION 
 Spelt wheat (Triticum spelta L.), family (Poaceae) is like 
common wheat (Triticum aestivum L.) classified as 
hexaploid wheat with 42 chromosomes and a six-rowed 
ear. Contrary to the common wheat spelt wheat has the 
husk that protects the grain against pests, insects and 
microbial contamination (Krkošková et al., 2011; 
Filipčev et al., 2014). Spelt wheat can be described as old 
European cultural wheat that is currently grown in Western 
Europe, in Austria, Germany, Belgium, Switzerland and 
northern Spain. Its popularity is increasing due to the 
lower cultivation demands, and it is also suitable to be 
grown in foothill areas with poor soil and excess rainfall. It 
is used in various forms - such as grains, also for 
production of pasta, crackers, bread and beer (Bojňanská 
et al., 2002). 
 The dry matter of common wheat grain is composed of 
saccharides in an amount of about 70%, with the most 
important part of the saccharides being starch at  
60% – 65%, which consists of amylose (26% – 28%) and 
amylopectin (72% – 74%). The proportion of 
oligosaccharides of the total saccharides content is about 
2% to 3%. The amount of total dietary fibre in grains 
varies from 9% to 12%, of which about 2% are made up of 
soluble fibre and the rest being insoluble fibre (Feillet, 
2000; Pruska-Kedzior et al., 2008; Escarnost et al., 
2012).   
 The seed of spelt wheat contains about 15% of protein 
and the albumin portion is 13% of the total protein content, 
3% is of globulins, 40% of prolamins, and 45% glutelins 
(Krkošková et al., 2005; Pruska-Kedzior et al., 2008). It 
was found that the digestibility of spelt proteins is better in 
comparison to wheat protein, but the difference is minimal 
(Ranhotra et al., 1995). The amount of essential amino 
acids of the total amino acids in common wheat and spelt 
wheat differs only marginally, and this difference is not 
statistically significant suggesting a very similar protein 
quality (Grela, 1996; Abdel-Aal et Hucl, 2002). 
Bojňanská et al. (2002) indicated that the amount of 
gluten varies in the range from 30% to 52%. 
 The grain of spelt wheat contains approximately 3% of 
fat, predominantly located in the embryo, aleurone, and at 
the lesser degree in endosperm (about 1.5% of the total 
lipids) (Delcour et Hoseney, 2010). Fatty acids are 
represented mainly by linoleic acid (60%) and palmitic 
acid (17%), and these are lower amounts compared to their 
content in common wheat. Another major fatty acid is 
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ABSTRACT 
The paper presents the results of the evaluation of the effect of additives on the rheological properties of composite flour 
made of wheat flour in the amount of 70% and spelt flour at 30%. As additives guar gum (0.5% by weight of flour) and 
xanthan gum (0.16% by weight of flour) were used. Properties of produced control dough and doughs with hydrocolloids 
were evaluated by means of rheological appliances by Farinograph, Extenzograph, Amylograph and Rheofermentometer. 
Based on the observed results it can be concluded that the addition of xanthan gum has a positive effect on increasing of 
farinographic water absorption capacity, extension of dough development time and dough stability and generally positively 
affected farinographic properties. The addition of guar gum has improved especially extensographic properties as 
extensographic energy and extensographic resistance. Based on amylographic evaluation of control doughs and doughs with 
additives it can be stated that in the dough with guar gum the amylographic maximum has slightly increased. Hydrocolloid 
guar gum contributed to an increased retention capacity of dough observed. Based on our measurements we can indicate 
that addition of guar and xanthan gum contributed to an increased rheological quality of doughs prepared with addition of 
flour from spelt wheat. With reference to the baking experiment it was found that the use of hydrocolloids has a positive 
effect on the improvement of the baking properties, in particular larger volume, specific volume, and the volume yield of 
the dough with the addition of guar and xanthan gum compared to the control. Our results showed that aditives significantly 
influenced rheological qualities of dough and a baking quality of products. These findings thus allow optimizing the recipe 
in order to increase the technological quality of leavened bakery products.     
Keywords: hydrocolloids; guar gum; xanthan gum; rheological properties; frozen dough 
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oleic acid (18% in spelt wheat which is 6% more than in 
common wheat) (Escarnot et al., 2012). 
Spelt wheat is similarly to the common wheat a source of 
B group vitamins with approximately 1.5% concentrated 
mainly in germ. Ranhort et al., (1995) found out 
comparable amounts of thiamine and riboflavin in the 
grains of spelt wheat and common wheat. According to 
findings by Bojňanská et al., (2002) the amount of 
minerals varies between 1.8% and 2.3% depending on the 
variety and the year. The similar results reported also 
Ranhort et al., (1995) and Ruibal-Mendiet et al., (2005). 
 Based on these findings it can be concluded that spelt 
wheat is therefore technologically and nutritionally 
suitable raw material for the use in bakery products 
affecting also their sensory characteristics.  
 Hydrocolloids are high molecular and hydrophilic 
biopolymers performing several functions in the food 
industry. The most significant features are their ability to 
control the rheological properties and texture of food. In 
the baking industry they are added in particular to stabilize 
emulsions, suspensions and foams and to improve the 
processing properties. Among other properties they have 
the ability to inhibit starch retrogradation, retain moisture, 
improve the overall structure, and slow down aging of 
products. They can be used as a substitute for fat and eggs 
(Arozarena et al., 2001; Collar et al., 1999; García - 
Ochoa et al., 2000; Příhoda et al., 2003; Kohajdová et 
al., 2008 a, b; Magala et al., 2011; Rodge et al., 2012; 
Šedivý et al., 2013; Eduardo et al. 2014; Qiu et al., 
2015). An important positive feature is that the use of 
hydrocolloids even in small quantities (less than 1% by 
weight of flour), has a significant impact on enhanced 
ability of dough to bind water, increase the volume of 
products, slow retrogradation of starch and thus extend the 
shelf life of bakery products (Collar et al., 1999; Khan et 
al., 2007; Škara et al., 2013). 
 Guar gum is defined as the ground endosperm of the 
seeds of natural strains of the guar plant, Cyamopsis 
tetragonolobus (L.) Taub. (family Leguminosae) and it 
consists of hydrocolloidal polysaccharides of high 
molecular weight composed of galactopyranose and 
mannopyranose combined through glycosidic linkages, 
which may be described chemically as galactomannan (FC 
SR, Decree 1). The plant grows mostly in India and 
Pakistan, but since 1950 it has also been grown in Texas 
and Arkansas as a commercial commodity 
(Achayuthakan et Suphantharika, 2008). Kohajdová et 
al., (2008a) reported that bread with addition of guar gum 
had after baking better baking properties, such as a higher 
volume and improved sensory quality, particularly more 
attractive appearance and aroma, softer crumb and firmer 
crust.  
 Xanthan gum is an exocellular polysaccharide of 
microbial origin that is produced by aerobic fermentation 
of sugar by the bacterium Xanthomonas campestris. China 
is its largest producer in the world (Hojerová et al., 2005; 
Achayuthakan et Suphantharika, 2008; FC SR Decree 
2; Tao et al., 2012). The main chain of xanthan gum is 
formed by β-D- (1,4) glucose units and the side chains are 
composed by residues of D-glucuronic acid and two 
mannose moieties D (Velíšek, 2002). Xanthan gum has an 
impact on strengthening links between flour proteins and 
thereby firming the dough structure. Baked products with a 
xanthan gum have larger volume, and optimum shape in 
comparison to products without this additive. During 
dough preparation xanthan gum binds to the starch and by 
that slows down its retrogradation, which is to be said by 
experts one of the main reasons of products staling (Collar 
et al., 1999; Arozarena et al., 2001; Rosell et al., 2001; 
Gimeno et al., 2004; Ashwini et al., 2009). 
   
MATERIAL AND METHODOLOGY 
 In the study, the effect of the addition of hydrocolloids of 
xanthan and guar gum to composite flour from spelt wheat 
on the rheological properties of dough was addressed. The 
results were compared with objective baking properties of 
baked products.  
 To prepare control loaves wheat flour T 650 was used. 
The second group of loaves was made from composite 
flour, based on wheat flour T 650 in an amount of 70% 
(Mlyn Pohronský Ruskov a.s., Hlavná 76, 935 62 
Pohronský Ruskov, Slovakia) with an addition of spelt 
wholemeal flour at 30% (company J. Vince s.r.o., 925 91 
Kráľová nad Váhom 320, Slovak Republic). According to 
recipe fresh compressed yeast was used (Trenčianske 
droždie, Old Herold Hefe, s.r.o., Bratislavská 36, 911 05 
Trenčín, SR). In wheat and composite flour, the moisture 
was determined (%) (ICC Standards No. 110/1 (1976)), 
as well as content of crude protein (%) (ICC Standard 
No. 105/2, (1994)) and content of ash (%) (ICC Standard 
No. 104/1 (1990)). Rheological measurements of prepared 
composite flour and wheat flour were made by means of 
Farinograph-E, Brabender OhG, Duisburg, Germany 
(ICC Standrd 115/1 (1992), AACC Method 54-21 
(1995)). Based on these measurements following 
characteristics were determined: farinographic flour water 
absorption capacity (%), dough development time (min), 
dough stability (min), farinographic quality number. By 
means of Extensograph-E, Brabender OhG, Duisburg, 
Germany (ICC - Standard 114/1 (1992), AACC Method 
54-10 (1995)) extensographic energy (cm2), 
extensographic tensibility (mm) and extensographic 
maximum (EU) were determined. By means of 
Amylographe-E, Brabender OhG, Duisburg, Germany 
(ICC-Standard 126/1, AACC Method 22-10 (1995)) the 
initial gelatinization temperature (°C), the maximum 
gelatinization temperature (°C) and the amylographic 
maximum (AU) were determined.  
 The recipe of dough, which was tested in 
rheofermentometer consisted of 250 g of composite flour, 
fresh yeast in an amount of 2.8%, which was dispersed in 
water and added to flour during dough preparation in 
farinograph. After the first minute salt was added in an 
amount of 2%, and mixing continued for six minutes. The 
volume of added water depended on flour water absorption 
capacity to produce dough of optimal consistency. 315 g of 
dough was then inserted into Rheofermentometer Rheo F4 
(Tripette & Renaud Chopine, Villeneuve-la-Garenne, 
France) (AACC Method 89-01.01) in order to determine 
during a three-hour test total volume (cm3), volume of CO2 
lost (cm3), retention volume (cm3), retention coefficient R 
(%) (ratio of the volume that was detained in the dough to 
the total volume of produced CO2). 
 Experimental loaves were prepared from a mixture of 
flour (350 g of wheat and 150 g of soy flour), sucrose (5 
g), salt (9 g), yeast (20 g) and water addition based on 
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farinographic water absorption capacity. Bread experiment 
was carried out without the use of enzyme-active 
substances and other improvement agents. The 
development of dough took place in a laboratory mixer 
Diosna SP 12. After that the dough was elaborated and 
formed into loaves that stayed yeasted in a yeasting room 
for 20 minutes at temperature of 30 °C and were baked in 
an oven Miwe Condo at 240 °C with steaming (baking 
time 20 min). The baked loaves were evaluated by 
objective methods and the volume of products (cm3), a 
specific volume of products (cm3.100g-1), volume yield 
(cm3.100g-1 flour), cambering (the ratio between height 
and width) were determined. 
 
RESULTS AND DISCUSSION 
 The function of hydrocolloids lies in their ability to 
modify dough and improve its rheological properties, thus 
contribute to the maintenance of its quality (Yaseen et al., 
2010). Another important function of the gums is their 
ability to enhance the absorption of water in the baked 
products (Mandala et al., 2008) resulting in effecting the 
rheological properties of the dough and the extended shelf 
life of the products as they prevent migration of water 
during the staling of bread (Fanta et al., 1996; Collar et 
al., 1999, Kohajdová et al., 2009).   
 Table 1 shows the effect of the addition of guar and 
xanthan gum on farinograph characteristics of composite 
flour. The addition of 0.5% of guar gum reduced 
farinograph water absorption capacity and development of 
dough compared to samples without this additive. Rodge 
et al., (2012) found that the addition of guar gum worked 
on shortening the time of dough development and 
extending dough stability. The application of 0.16% of 
xanthan gum we have implemented within our 
experiments did not significantly affect the water 
absorption capacity of the mixture, but contributed to the 
prolongation of the dough development. We have found 
that the addition of guar and xanthan gum had a positive 
effect on the stability of the dough extension and on the 
farinographic quality number, which was significantly 
higher (by 30) than in the control sample. The fact that the 
xanthan gum in the recipe contributes to increase of 
farinographic water absorption capacity, extension of 
dough development and its stability was also confirmed by 
Rosell et al., (2001) and Davari-Ketilateh et al., (2013).  
 Time of dough development depends on the amount and 
quality of gluten, granularity of flour and the level of 
grinding and is determined primarily by the process of 
gluten hydration (Dodok et Szemes, 1998). Strong flour is 
according Muchová (2007) defined as one that will during 
processing bind large amount of water, will reach optimum 
rheological properties slowly and retains them for a long 
time. 
 The results presented in Figure 1, which expresses 
amylographic evaluation of samples, show that the 
addition of guar gum and xanthan gum in all observed 
samples caused a slight decrease in the initial 
gelatinization temperature in comparison to a control 
sample without the gums. Hydrocolloids according to 
Mandala (2012) impact the acceleration of gelatinization 
and slow down the retrogradation and our results are 
consistent with these findings. We also noted that the 
addition of xanthan gum did not affect the maximum 
temperature of gelatinization. 
 The optimum value of amylographic maximum should 
vary in wheat flours between 300 AU and 650 AU, which 
is a sign of optimum amylase activity and products from 
these flours are identified as technologically very good 
(Dodok et Szemes, 1998; Šedivý et al., 2013). Very high 
curve values of amylographic maximum above 800 AU 
predict flours with low amylase activity, and thus we can 
assume that the products from them would have very dry 
crumb with potential cracks and bland taste.  
 The results presented in Figure 2 describing 
extensographic parameters of composite flour with the 
addition of spelt flour and hydrocolloids show that with 
increasing time of maturing the value of extensographic 
energy has increased. Optimal values according to Šedivý 
et al., (2013) are between 90 cm2 and 300 cm2. After thirty 
minutes of maturing the highest value of extensographic 
energy was in the sample with guar gum at 94 cm2, then 
the sample with xanthan gum at 84 cm2 and lowest in the 
control sample without hydrocolloids at 80 cm2. After 
thirty minutes of maturing the highest value of 
extensographic energy was in the sample with guar gum at 
94 cm2, then the sample with xanthan gum at 84 cm2 and 
lowest in the control sample without hydrocolloids at 80 
cm2. Based on our findings it can be concluded that the 
best value of extensographic energy was in samples with 
guar gum. 
Table 1 Farinographic parameters of composite flour (70% T 650 and 30% spelt wheat flour with addition of 
hydrocolloids). 
Flour 
sample 
farinographic 
flour water 
absorption 
capacity % 
dough 
development 
time min 
dough stability 
min 
farinographic 
quality 
number 
70%T650 + 30% T. spelt flour  
control 
62.0 5.3 7.7 101 
70%T650 + 30% T. spelt flour +0,5%  
guar gum 
51.0 3.8 9.6 131 
70%T650 + 30% T. spelt flour +0,16% 
xanthan gum 62.1 7.2 10.6 131 
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 Higher value of extensographic resistance is a sign of 
strong gluten of good quality, which is mechanically 
resistant during manipulation with dough (Příhoda et al., 
2003). We found that with increasing time of maturing the 
dough resistance and extensographic maximum have 
increased which can be considered a positive result. 
 A comparison of the effect of hydrocolloids on 
extensographic maximum and dough resistance shows that 
guar gum had a significant impact on increasing of these 
values and it predicts products with a good volume.  
 For leavened bakery products the high elongation of 
dough is not desirable (Dodok et Szemes, 1998). Optimal 
values for wheat flour are according to Šedivý et al., 
(2013) from 120 mm to 200 mm (±8 mm). With increasing 
of dough maturing time there was a slight decrease of 
elongation spotted in a control sample as well as in dough 
sample with the addition of hydrocolloids. In dough from 
composite flour with the addition of guar gum after fifteen 
and thirty minutes of maturing the elongation has 
increased in comparison to control.  
 
 
Figure 1 Amylographic parameters of composite flour with addition of spelt wheat and hydrocolloids. 
 
 
 
Figure 2 Extensographic parameters of composite flour with addition of spelt wheat and hydrocolloids after 15 
and 30 minutes of maturing.  
 
 
 
Picture 3 Reofermentometric parameters of composite flour with addition:  
Spelt wheat ––, Guar gum ––, Xantan gum ––. 
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Similar results describing that the addition of guar gum 
influenced the increasing of elongation were published by 
Ribotta et al., (2004). Addition of hydrocolloids increased 
dough resistance during manipulation, which is from 
technological view point of significant importance. 
 Reofermentometric evaluation, the results of which are 
presented in Figure 3 showed that the addition of guar and 
xanthan gum does not significantly affect dough retention 
capacity. It can be regarded as positive that in dough with 
the addition of xanthan gum the breaking point occurred 
about nine minutes later, and in dough with guar gum even 
12 minutes later than in the control dough without 
additives. Similar results in which the guar gum 
demonstrated itself as an additive delaying the time at 
which a break point occurs, and which increases retention 
were also found in the previous research with doughs 
made from flour of common wheat.    
 Results of experimental baking presented in Table 2 
show that guar and xanthan gum positively influenced the 
total volume of products, the volume yield and specific 
volume compared with products without hydrocolloids. 
Similar results regarding the positive impact of 
hydrocolloids on baking properties were published by 
Kohajdová et al., (2008a). Table 2 also shows that the 
addition of hydrocolloids did not influence the baking 
yield and baking loss during baking, since they were in all 
variants at a comparable level.  
 
CONCLUSION 
 Summarizing and comparing the results of rheological 
evaluation of composite flour with the addition of spelt 
flour showed that the addition of guar gum extended 
dough stability time and increased dough farinograph 
number of quality compared to the control. 
 Significant improvement of the farinograph 
characteristics was observed in dough with the addition of 
xanthan gum, and this finding is very positive. Addition of 
guar gum in an amount of 0.5% positively influenced and 
improved extensographic properties of composite flour. 
Guar gum contributed to the increase of amylographic 
maximum, but in this case it can be considered as negative 
because an excessive increase of this value predicts 
reduced sensory quality of baked products. 
 The use of xanthan gum, in contrast to guar gum 
optimised amylographic properties, and thus an excellent 
quality of the crumb can be predicted. Evaluation of 
composite flours in reofermentometer showed that using of 
guar gum may slightly increase dough retention capacity, 
which is technologically positive finding, because 
maintaining of fermentation gas is a key factor to ensure 
sufficient volume of bakery products. Based on the 
evaluation of baking experiment it can be concluded that 
the loaves containing added guar and xanthan gum 
achieved compared to a sample without additives better 
indicators of bakery quality, which was reflected mainly 
by higher volume, specific volume and volume yield.  
  
REFERENCES 
AACC Method 89-01.01, Standard for measurement of yeast 
activity and gas production. Method for using Tripette & 
Renaud Chopine the Rheofermentometer Rheo F4. 
Abdel-Aal, E. S. M., Hucl, P. 2002. Amino acid 
composition and in vitro protein digestibility of selected 
ancient wheats and their end products. Journal of Food 
Composition and Analysis, vol. 15, no. 6, p. 737-747. 
http://dx.doi.org/10.1006/jfca.2002.1094 
Achayuthakan, P., Suphantharika, M. 2008. Pasting and 
rheological properties of waxy corn starch ad  
affected by guar gum and xanthan gum.  
Carbohydrate Polymers, vol. 71, no. 1, p. 9-17. 
http://dx.doi.org/10.1016/j.carbpol.2007.05.006 
Arozarena, I., Bertholo, H., Empis, J., Bunger, A., De 
Sousa, I. 2001. Study of the total replacement of eff by white 
lupine protein, emulsifiers and xanthan gum in yellov cakes. 
European Food Research and Technology,  
vol. 213, no. 4-5, p. 312-316. 
http://dx.doi.org/10.1007/S002170100391 
Ashwini, A., Jyotsna, R., Indrani, D. 2009. Effect of 
hydrocolloids and emulsifiers on the rheological, 
microstructural and quality characteristics of eggless cake. 
Food Hydrocolloids, vol. 23, no. 3, p. 700-707. 
http://dx.doi.org/10.1016/j.foodhyd.2008.06.002 
Bojňanská, T., Frančáková, H. 2002. The use of spelt wheat 
(Triticum spelta L.) for baking application. Rostlinná výroba, 
vol. 48, no. 4, p. 141-147.  
Collar, C., Andreu, P., Martínez, J. C., Armero, E. 1999. 
Optimization of hydrocolloid addition to improve wheat bread 
dough functionality: a response surface methodology study. 
Food Hydrocolloids, vol. 13, no. 6. p. 467-475. 
http://dx.doi.org/10.1016/S0268-005X(99)00030-2 
Davari Ketilateh, M., Aziz, M., Fazeli, F. 2013. Effect of 
hydrocolloids (Tragacanth and Xanthan) on frozen dough 
characteristics and volumetric (hamburger) bread. Iranian 
Table 2 Results of bakery experiment with composite flour of 70% T 650 and 30% flour from spelt wheat with addition 
of hydrocolloids. 
 
70% T650+30% 
T. spelt flour 
control  
70% T650+30%  
T. spelt flour 
+ 0,5% guar gum 
70% T650+30%  
T. spelt flour 
+ 0,16% xanthan gum 
Loaf volume cm3 200.0 212.5 212.5 
Specific loaf volume (cm3.100g) 226.7 240.0 242.5 
Volume recovery 
(cm3.100g flour) 
320.0 340.0 340.0 
Recovery of product (%) 141.1 141.5 140.4 
Baking loss  % 14.6 13.8 14.6 
 
 
Potravinarstvo® Scientific Journal for Food Industry 
Volume 10 162  No. 1/2016 
Journal of Nutrition Sciences and Food Technology, vol. 7, 
no. 5, p. 301-309.  
Delcour, J. A., Hoseney, R. C. 2010. Principles of cereal 
science and technology. 3rd ed., American Association of 
Cereal Chemists : St Paul, MN, USA. p. 1-257. ISBN  
978-1-891127-63-2. 
http://dx.doi.org/10.1094/9781891127632 
Dodok, L., Szemes, V. 1998. Laboratórne kontrolné metódy 
pre pekársku a cukrársku prax (Laboratory test methods for 
bakery and confectionery practice). Gomini : Pezinok, 
Slovakia, 77 p. 
Eduardo, M., Svanberg, U., Ahrné, L. 2014. Effect of 
Hydrocolloids and Emulsifiers on Baking Quality of 
Composite Cassava-Maize-Wheat Breads. International 
Journal of Food Science, vol. 2014, p. 9. 
http://dx.doi.org//10.1155/2014/479630 
Escarnot, E., Jacquemin, J. M., Agneessens, R., Paquot, M. 
2012. Comparative study of the content and profiles of 
macronutrients in spelt and wheat, a review. Biotechnology, 
Agronomy, Society and Environment, vol. 16, no. 2,  
p. 243-256.  
Fanta, G. F., Christianson, D. D. 1996. Starch-hydrocolloid 
composites prepared by steam jet cooking. Food 
Hydrocolloids, vol. 10, no. 2, p. 173-178. 
http://dx.doi.org/10.1016/S0268-005X(96)80032-4 
FC SR Decree (1) of Ministry of agriculture and rural 
development of the Slovak Republic and Ministry of health of 
the Slovak Republic No. 08936/2010-OL of 15 March 2010  
that changes the decree of these ministries of  
11 February 2008 No. 04650/2008 - OL, which publishes the 
second part, twelfth chapter of the Food codex of the Slovak 
Republic governing additives in foods. Available at: 
http://www.svssr.sk/dokumenty/legislativa/8936_2010.pdf  
FC SR Decree (2) of Ministry of agriculture and rural 
development of the Slovak Republic and Ministry of health of 
the Slovak Republic No. 04650/2008 OL of 11 February 
which publishes the second part, twelfth chapter of the Food 
codex of the Slovak Republic governing additives in foods. 
Available at: 
http://www.svssr.sk/dokumenty/legislativa/4650_2008.pdf 
Feillet, P. 2000. Le grain de blé, composition et utilisation. 
Paris : Institut National de la Recherche Agronomique. 2000. 
p. 308. 
Filipčev, B., Šimurina, O., Boroža-Solarov, M. 2014. 
Combined effect of xylanase, ascorbic and citric acid in 
regulating the quality of bread made from organically grown 
spelt cultivars. Journal of Food Quality, vol. 37, no. 3, p. 185-
195.http://dx.doi.org/10.1111/jfq.12081 
Garciá-Ochoa, F., Santosa, V. E., Casasb J. A., Gómez, E. 
2000. Xanthan gum: production, recovery, and properties. 
Biotechnology Advances, vol. 18, no. 7, p. 549-579. 
http://dx.doi.org/10.1016/S0734-9750(00)00050-1 
Grela, E. R. 1996. Nutrient composition and content of 
antinutritional factors in spelt (Triticum spelta L.) cultivars. 
Jounal of the Science of Food and Agriculture,  
vol. 71, no. 33, p. 399-404. 
http://dx.doi.org/10.1002/(SICI)1097-
0010(199607)71:3<399::AID-JSFA609>3.0.CO;2-Q 
Hojerová, J., Štern, P., Zysmlye, R. 2005. The rheology of 
food hydrocolloids. Bulletin of Food Research, vol. 44, no. 1-
2, p. 83-99.  
ICC - Standard 114/1, 1992, AACC Method 54-10:1995, 
Method for using the Brabender Extensograph. 
ICC - Standard 126/1, AACC Method 22-10:1995, Method 
for using the Brabender Amylograph. 
ICC - Standrd 115/1, 1992, AACC Method 54-21:1995, 
Method for using the Brabender Farinograph. 
ICC Standard No. 104/1: 1990 Determination of ash in 
cereals and cereal products. 
ICC Standard No. 105/2: 1994 Determination of crude 
protein.  
ICC Standard No. 110/1:1976 Determination of the 
moisture content of cereals and cereal products (Practical 
method). 
Khan, T., Parh, J. K., Kwon, J. H. 2007. Functional 
biopolymers produced by biochemical technology considering 
applications in food engineering. Korean Journal  
of Chemical Engineering, vol. 24, no. 5, p. 816-826.  
Kohajdová, Z., Karovičová, J. 2008a. Influence of 
hydrocolloids on quality of baked goods. Acta Scientiarum 
Polonorum Technologia Alimentaria, vol. 7, no. 2, p. 43-49.  
Kohajdová, Z., Karovičová, J., Gajdošová, Ž. 2008b. 
Význam hydrokoloidov v pekárstve (Importance of 
hydrocolloids in bakery industry). Potravinarstvo, vol. 2,  
no. 3, p. 9-18. Available at: 
http://www.potravinarstvo.com/dokumenty/potravinarstvo_no
3_2008.pdf  
Kohajdová, Z., Karovičová, J., Schmidt, Š. 2009. 
Significance of emulsifiers and hydrocolloids in bakery 
industry. Acta Chimica Slovaca, vol. 2, no. 1, p. 46-61.  
Krkošková, B. 2011. Naše pôvodné zabudnuté obilniny - 
špalda, pšenica, jačmeň (Our original forgotten cereals - spelt, 
wheat, barley). Liečivé rastliny, vol. 48., no. 3. Available at: 
http://www.liecive.herba.sk/index.php/archiv/rok-2011/3-
2011/nae-povodne-zabudnute-obilniny-spalda-psenica-
jacmen 
Krkošková, B., Buráková, E., Macová, E. 2005. 
Charakteristika nutričných a profylaktických zložiek pšenice 
špaldy (Characteristics of nutrient and prophylactic 
ingredients of Triticum spelta). Bulletin potravinárskeho 
výskumu (Bulletin of Food Research), vol. 44, no. 3-4,  
p. 185-193. 
Magala, M., Kohajdová, Z., Karovičová, J. 2011. Staling of 
bakery products. Potravinarstvo, vol. 5, no. 2, p. 49-54. 
http://dx.doi.org/10.5219/124 
Mandala, I. G. 2012. Viscoelastic properties of starch and 
non-starch thickeners in simple mixtures or model food. In de 
Vicente, J. Viscoelasticity – From Theory to Biological 
Applications, InTech : Rijeka, Croatia, p. 217-236, ISBN 978-
953-51-0841-2. http://dx.doi.org/10.5772/50221 
Mandala, I. G., Kapetanakou, A., Kostaropoulos, A. 2008. 
Physical properties of breads containing hydrocolloids stored 
at low temperature: II-Effect of freezing. Food Hydrocolloids, 
vol. 22, no. 8, p. 1443-1451. 
http://dx.doi.org/10.1016/j.foodhyd.2007.09.003 
Muchová, Z. 2007. Technológia spracovania cereálií 
(Cereal Technologies). 2nd ed., SPU : Nitra, Slovakia. 192 p. 
ISBN 978-80-8069-980-2 
Příhoda, J., Humpolíková, P., Novotná, D. 2003. Základy 
pekárenské technologie (The bacis of bakery technogy). Pekař 
a cukrář s.r.o. : Prague, Czech Republic, 363 p. ISBN 80-
902922-1-6. 
Pruska-Kedzior, A., Kedzior, Z., Klockiewicz-Kaminska, E. 
2008. Comparison of viscoelastic properties of gluten from 
spelt and common wheat. European Food Research of 
Technology, vol. 227, no. 1, p. 199-207.  
Qiu, CH., Zhao, M., McClements, D. J. 2015. Improving 
the stability of wheat protein-stabilized emulsions: Effect of 
pectin and xanthan gum addition Food Hydrocolloids,  
vol. 43, p. 377-387. 
http://dx.doi.org/10.1016/j.foodhyd.2014.06.013 
Potravinarstvo® Scientific Journal for Food Industry 
Volume 10 163  No. 1/2016 
Ranhotra, G. S., Gelroth, J. A., Glaser, B. K., Lorenz, K. J. 
1995. Baking and nutritional qualities of spelt wheat sample. 
LWT - Food Science and Technology, vol. 28, no. 1,  
p. 118-122. http://dx.doi.org/10.1016/S0023-6438(95)80022-
0 
Ribotta, P. D., Pérez, G. T., León, A. E., Aňón, M. C. 2004. 
Effect of emulsifier and guar gum on microstructural, 
rheological and baking performance of frozen bread dough. 
Food Hydrocolloids, vol. 18, no. 2, p. 305-313. 
http://dx.doi.org/10.1016/S0268-005X(03)00086-9 
Rodge, A. B., Sonkamble, S. M., Salve, R. V., Syed Imran 
Hashmi. 2012. Effect of hydrocolloid (guar gum) 
incorporation on the quality characteristics of bread. Journal 
of Food Processing & Technology vol. 3, no. 2, p. 1-7. 
http://dx.doi.org/10.4172/2157-7110.1000136 
Rosell, C. M., Rojas, J. A., Benedito de Barber, C. 2001. 
Influence of hydrocolloids on dough rheology and bread. 
Food Hydrocolloids, vol. 15, no. 1, p. 75-81. 
http://dx.doi.org/10.1016/S0268-005X(00)00054-0 
Ruibal-Mendieta, N. L., Delacroix, D. L., Mignolet, J. M. 
P., Marques, C., Rozenberg, R. Petitjean, G., Habib-Jiwan, J. 
L., Meurens, M., Qeentin-Leclerco, J., Delzenne, N. M., 
Larondelle, Y. 2005. Spelt (Triticum aestivum ssp. spelta) as a 
source of breadmaking flours and bran naturally enriched in 
oleic acid and minerals but not phytic acid.  Journal of 
Agricultural and Food Chemistry, vol. 53, no. 7, p. 2751-
2759. http://dx.doi.org/10.1021/jf048506e 
Šedivý, P., Dostál, J., Kovaříková, D., Martinek, V. 2013. 
Pekařská technologie I. Suroviny (The bakery technology I. 
Ingredients). Pekař a cukrář s.r.o. : Prague, Czech Republic, 
238 p. ISBN 978-80-903913-7-6 
Škara, N., Novotni, D., Čukelj, N., Smerdel, B., Ćurić, D. 
2013. Combined effects of inulin, pectin and guar gum on the 
quality and stability of partially baked frozen bread. Food 
Hydrocolloids, vol. 30, no. 1, p. 428-436. 
http://dx.doi.org/10.1016/j.foodhyd.2012.06.005 
Tao, F., Wang, X., Ma, C., Yang, CH., Tang, H., Gai, Z., 
Xu, P. 2012. Genome Sequence of Xanthomonas campestris 
JX, an Industrially Productive Strain for Xanthan Gum 
Journal of Bacteriology, vol. 194, no. 17, p. 4755-4756. 
http://dx.doi.org/10.1128/JB.00965-12 
Velíšek, J. 2002. Chemie potravin 1 (Food chemistry I), 2nd 
ed., Ossis : Tábor, Czech Republic, 344 p. ISBN  80-86659-
00-3 
Yaseen, A. A., Shouk, A. E. H. A., Ramadan, M. T. 2010. 
Corn-Wheat Pan Bread Quality as Affected by Hydrocolloids. 
Journal of American Science, vol. 6, no. 10, p. 684-690.  
 
Acknowledgments: 
 The research leading to these results has received funding 
from the European Community under project ITEM 
26220220180 Building Research Centre „AgroBioTech" 
and project VEGA 1/0308/14. 
 
Contact address:  
 doc. Ing. Tatiana Bojňanská, CSc. Slovak University of 
Agriculture in Nitra, Faculty of Biotechnology and Food 
Sciences, Department of Storage and Processing of Plant 
Products, Trieda A. Hlinku 2, 949 76 Nitra, Slovak 
Republic, Tel. 037 6414 703, E-mail: 
tatiana.bojnanska@uniag.sk. 
 Ing. Jana Šmitalová, PhD. Slovak University of 
Agriculture in Nitra, Faculty of Biotechnology and Food 
Sciences, Department of Storage and Processing of Plant 
Products, Trieda A. Hlinku 2, 949 76 Nitra, Slovak 
Republic, E-mail: jana.smitalova@gmail.com.  
 prof. RNDr. Alena Vollmannová, PhD. Slovak 
University of Agriculture in Nitra, Faculty of 
Biotechnology and Food Sciences, Department of 
Chemistry, Trieda A. Hlinku 2, 949 76 Nitra, Slovak 
Republic, Tel. 037 6414 374, E-mail: 
alena.vollmannova@uniag.sk. 
 
 
